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WIND-TUNNEL INVESTIGATION OF EFFECTS OF FORWARKD MOVEMENTS
OF TRANSITION ON SECTION CHARACTERISTICS OF A LOW-DRAG
ATRFOIL WITH A O.24.CHORD SEALED PIAIN AILERON

By Stenley F. Raclsz and Jones F. Cahill
SUMMARY

An Investigation was conducted to determine the effects of forward
movemsnts of transition on the sectlion characteristics of a l2-percent-
thick low-drag ailrfoll section with a 0.2h-chord sealed plain slleron.
The sectlon 1lift and aileron sectlion hinge-moment and sesl-presgure
characteristics were determined at a Reynolds number of 1k X 10° for the
condition with serodypamically smooth surfaces, the conditlon with tran-
gition fixed at 0.30 chord, and the condltion with transition fixed
at the alrfoil leading edge. Filxed transition at elther 0.30 chord or
at the airfoil leading edge resulted in a decreased alleron effectiveness,
a decrease in the negative rate of change of alleron section hinge-
moment coefflclent with section engle of attack and with alleron deflec-
tion, and an increase 1n the absolute value of the aileron section hinge-

moment paremeter A._Ac;_ETg_ Shifting the ;posit:lon of transition from
CIO
approximately 0.50 chord to 0.30 chord generally caused larger changes
in the alleron characteristics than those caused by shifting transitlion
from 0.30 chord to the airfoil leadling edge. Ieading-edge roughness
decreased the maximum section 1ift coefficient by about 0.3; whereas
roughness at 0.30 chord generslly caused no significent change 1n the
meximum sectlion 1i1ft coefficient.

INTRODUCTION

Aerodynemic characteristics of ellerons on low-drag wing sectlons
may be satisfactory when the wing surfaces are aerodynamlcally smooth,
but forward movements of the position of transition from laminar to
turbulent flow caused by msnufacturing irregularities or surface deterio-
ration in service may result in undesirable changes in the alleron
characteristics. The results of previous investigatlions, for example,
those reported in references 1 and 2, illustrate the changes in the
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two-dimensional chaeracteristica of control aurfaces, such as the decreased
effectiveness, that usually result from forward movements of transition.
Such investigations, however, have been limited to a small range of control-
surface deflection for various chordwisme positions of transition, and the
Reynolds number has generally been limited to about 9.0 X 10°. An investi-
gation was made in the Langley two-dimensiomal low-turbulence pressure
tunnel to determine the effects of transition shifting from approxlmately
0.50 chord to 0.30 chord and to the airfoll leading edge on the character-
igtice of a 24k-percent-chord ssaled plain aileron on a 12-percent-thick
low-drag airfoil for ailergn deflections ranging from -200 to 20° and a
Reynolds number of 1h X 10°.

COEFFICIENTS AND SYMBOLS

Ao section angle of attaeck, degrees
Dot increment of section angle of attack, degrees
c airfoll chord
c, section 1lift coeff;cient N
Q0 free-gtream dynamic pressure
Cq, alleron chord behind hinge axis
By alleron deflection, degrees
LBy increment of aileron deflection, degrees
h, alleron section hinge moment per unit span; positive when alleron
tends to deflect downward
hg, ailleron section hinge-moment coefficlent based on
alleron chord ha 5
40Cy
(cha)BT total i:ha in ateady roll
e .

Cﬁcha) increment of alleron section hinge-moment coefficient-due to
a change in section angle of attack at constant alleron
deflection

(Acha) increment of alleron section hinge-moment—coefficient due to
\ 8 aileron deflection at a constant section angle of attack
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Cq alleron section hinge-moment coefficient based on airfoll
h
chord a.2
Lol
Ao increment of total aileron section hinge-moment coef-
ET ficlent in steady roll
ACEI
aileron section hings-moment parameter

Auo; Adg

<§°°_D alleron section effectiveness parsmeter for range of

+00° aileron deflection indicated by subscript (ratio of
increment of section angle of attack to lncrement of
aileron deflectlon required to maintain comstant section
11ft coefficlent)

Ap/q_o seal-pressure-dlfference coefficlent; posltive when pressure
below alleron seal is greater than pressure above seal

da
= o
% - <§5_>cz alleron section effectlveness parameter

R Reynolds nunber
Bcz>
Sa,, 5,
(Bcz
15 "\ B /oo
Bcha
(*re)e "\ 3%, >sa

( ha)& (ac}l&

qo
@ = \Sa, /s

=R
25

d
i

a

%o

The subscripts to the partial derivatives denote the variables held
constant when the partial derivatives were obtained. The derivatives
were measured at zero engle of attack and zero aileron deflection.



L NACA TN No. 1582

MODEL AND TESTS

The model tested in this investigation had a chord of 3 feet and
completely spammed the 3-foot-wide tunnel test section. The low-drag
airfoll section had a maximum thickness of 0.12c at 0.45c, a design 1ift
coefficlent of 0.15, and a mean lins designed for a uniform load over the
forwvard 0.9 chord. Ordinates for the plain alrfoll section are given in
table I. The plain ailleron (fig. 1) formed by the rear part of the
plain airfoll section had a chord of 0.24c and was sealed along the entire
span and at both ends with thin rubber seals (fig. 1). The mein part of
the model forward of the alleron was consitructed of laminated wood, and
the alleron was constructed of dural. The alleron was supported at both
ends by beams that—contelned electrical-resigtance-type straln gages for
megsuring hinge moments. The model was tested with the surfaces asero-
dynamically smooth and with fixed transltion at 0.30 chord on both
surfaces, and with translition fixed at the leading edges as shown in
figure 2. The transltion strips were comprised of 0.01ll-inch carborundum
grains.

The section characteristics measured in the Langley two-dlmensicnal
low-turbulence pressure tunnel consisted of the alirfoll sectlon 1lift,
alleron section hinge-momegt, and seal-pressure characteristics at-a
Reynolds number of 14 X 10° for each of the three surface configurations
tested for alleron deflections ranging from -20° to 20°. The 1lift
characteristics were determined by the method dlscussed 1n reference 3.
The resultant pressure acting on the alleron seal was determined from
static pressure measurements above and below the alleron seal. A dis-
cussion of the test methods and of the methods used in correcting the
test data to free-alr conditions is glven in reference 3. The maximum
free-gtream Mach number atiained during the tests was approximately 0.17.

RESULTS AND DISCUSSION

The sectlion characteristics for the condition with aerodynamically
smooth surfaces, the condition with fixed transition at 0.30c, and the
condition with transition fixed at the alrfoil leading edge are presented
in figures 3, 4, and 5, respectively.

Alleron Effectlvensss

Values of the aileron effectivensss. parameters GZS, ag, and

AQOAAGa, obtained from the dste presented in figures 3 to 5, are presented

in table II. Forward movement—of the position of transition from its
normal position at approximately 0.50c to the alrfoil leadlng edge
decreased the value of C1g by zpproximately 2 percent. The decrease
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in the absolute value of ag resulting from shifting transition from

approximately 0.50¢ to 0.30c was the game as that obtained by shifting
transition from ebout 0.50¢ to the alrfoll leading edge. The absolute
value of a for the smooth condition (0.524) was approximately 12 per-
cent less than the theoretical value obteined Pfrom reference U4 and about
4 percent greater than that reported in reference 4 for the NACA 0009 air-
foil.

A Aag
The variation of (Z%E) (—E— with section
. 8,/85=4100 2B, /5, =£20°

11ft coefficlent 1s shown in figure 6. At section 1lift coefficlents

aXs)
a

approximately 5 percent because of the forward ghift of transition from
its normal posltion to either 0.30c or the airfoll leadlng edge, whereas
2%

A8 /8, =200
15 percent. At section 1ift coefficlents higher then about 0.5, fixing
transition at a forward chordwise position caused conalderably less change

Do,
below about 0.5, the abaoclute value of ( °> was reduced
Bg=t10°

the reduction 1n the absolute value of ( was approximately

Aay fat.
in the values of (ZS— 5,100 and B 555200 than the change

obtained at lower 1lift coefficients.

In general, moving the position of transition from approximstely
0.50c to 0.30c resulted in much greater changes in the aileron effective-
nessg parameters than those caused by shifting transition from 0.30c
to the ailrfoil leading edge. '

Hinge Moments

The sectlon hinge-moment characteristics for the three surface
configurations tested are presented in figures 3 to 5. Values of the
rate of change of alleron section hinge-moment coefficlent cha with

section angle of attack a, and with ailleron deflection 8, are
presented in table II. The values of and ) for the
’ (oha) o (cha 5

condition with aerodynamically smooth surfaces were -0.0038 and -0.0081,
regpectively. The value of (ch ) for the smooth conditlion was
a
e

messured between section angles of attack of 3o and 8° because of the

8light irregularity in the curve for an aileron deflection of 0° as

shown in figure 3(b). A forward movement of transition decreased the

absolute values of both (ch ) and (ch ) . The data presented in
a/q a/y

figures 3 to 5 indicate that the hinge-moment curves tend to become
more linear as transition moves toward the alrfoll leading edge.
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The varlation of the section hinge-moment coefficient with aileron
-deflection, at the design section 1i1ft coefficient of 0.15, is presented
in figure 7. These curves indicate that a movement of transition from
1ts normal position at approximately 0.50c to 0.30c had considerably more
effect on the eileron hinge moments then a farther forward shift in the
positlon of transition from 0.30c to the airfoil leading edge.

The alleron section hinge-moment and seal-pressure data may be used
to predict the hinge-moment characteristica of ailerons similar to that
tested 1n this investigation and having any amount of internal balance.
A method for estimating the hinge-moment characteristica of balanced
ailerons from date for plain aileronas is discusaed in reference 5.

A
Values of the hinge-moment parameter OHT for a mection 1lift

Acz,o 7Aﬁa
coefficient of 0.15 were determined from the basir mection data by use
of the following equation obtained from reference 2:

QAGhA)G

Oa 2
Bomy = (?) (A?ha)s AuJAﬁa (B°ng )g

As discussed in reference 2, the foregoing equation is essentially the
equation:
( a)a

(ha)ar Cra)s |* (a)a

modified in such & way as to be applicable to nonlinear curves. This
equation ig & modification of a simllar equation based on the assumption
that a sectlon of the alleron acts at a constant 11ft during a steady
roll regardless of the rate of roll. The modification was made to cor-
rect for the fact that the constant 1ift sgsumption overstresses the

Ac

Hp

importance of the factor (ch ) . The parsmeter _~—7§5; provides a

comparimon bhetween alleron configuratlions and takes into account the
alleron effectiveness, hinge momente, and the possible mechenical
‘advantage between the controls and ailerons. Although the parameter is
insdequate for calculating the hinge momentg of finite-gpan allerons,

it 18 considered satlsfactory for comparing two-dimensional characteristica.

In computing the valuea of AcHT for the two-dimensional case, the
value of n, which is the change in mgection angle of attack at midspan of
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aileron per unlt aileron deflection, was assumed to be .;'-,which is a typlcal

value also used ln reference 2. The varlation of the hinge-momsnt

AOH;II
rameter - with equivalent change in section le of attack
pa WA—B&- q ge ang
required to meintain a constant section 1ift coefflcient of 0.15 1s
Ac
shown in figure 8. The lower the absolute value of wz_g_ at a given
a
value of Ay, the lower the control force should be for a glven helix

angle of the wing tip. In general, the increase in the absoclute value
Ac : :
of wir—s;, caused by moving the chordwise position of transition for-

waerd, became greater with increase in the value of Ag, for all locations
of transition. Shifting transition from approximately the midchord ofAthe

airfoll to 0.30c generally caused a greater change in the value of T
. A“q/ a
than shifting trangition from 0.30c to the alrfoil leading edge.

Iift

The slope of the 1lift curve cza was reduced by only 3 percent by

the application of roughness to the airfoill leading edge as indicated by
the results presented 1n table IT. The wvalues of cla, for the condition

with aerodynamically smooth surfaces and the condition wilth roughmess at
0.30c were 0,104 and 0.103, reaspectively, or very nearly the same.

The variation of maximum section 1lift coefficlent with alleron
deflection ig shown in figure 9. Throughout most of ‘the range of alleron
deflection tested, the application of roughness strips at 0.30c on the
smooth airfoil caused no significant change in the maximum section 1ift
coefficlent. Leading-edge roughness, however, decreased the meximum
section 1ift coefficient by approximately 0.3 throughout most of the
range of aileron deflection tested.

CONCLUSIONS

The results of an investigation made to determine the effects of
forward movements of transition on the section characteristics of a 12-
percent-thick low-drag alrfoll with a 0.2k-chord sealed plain aileron
indicate the followlng conclusions:

1. Fixed transition at elther 0.30 chord on both alrfoll surfaces
or at the alrfoll leading edge caused:
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(a) The mileron effectiveness to decrease

(b) The negative rate ofchange of aileron section hinge-moment
coefficlent wilth sectlon angle of attack and with aileron
deflectlion to decrease

(c) The absolute-value of the ailleron section hinge=-moment
.
Dot [ABg

(d) The rate of change of section 1ift coefficient with section
angle of atteck to decrease by not more than 3 percent

parameter to increase

2. Shifting the position of transition from approximetely 0.50 chord
to 0.30 chord generally caused larger changes in the alleron characteristice
than those. caused by shifting trensition from 0.30 chord to the alrfoil
leading edge.

3. Leading~edge roughness decreased the maximum section 1lift coef-
ficient by about 0.3; whereas roughness at 0.30 chord had no significant
effect on the maximum section 1lift ccefficlent-throughout most of the
range of alleron deflection tested.

TLangley Memorlial Aercnautical Iaboratory
National Advisory Committee for Aeronautics
Langley Field, Va., November 5, 19T
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TABLE I

_ NACA TN No. 1582

ORDINATES FOR PLAIN ATRFOILL SECTION

[Stations end ordinates given
in percent of alrfoll chord]

Upper swurface Iower surface
Station | Ordinate | Station | Ordinate
0 0 0 0
+50 9D «50 -.808
75 1.192 TS5 =1.006
1.25 1.539 1.25 -1.283
2,50 2,161 2.50 «1.792
5.00 3.022 5400 2,489
750 | 3.678 750 | =2.961
10,00 h.211 10.00 ~3.336
15 00 5 022 15 «00 =3 .%2
20.00 5625 20,00 =l .34k
25,00 54108 25 .00 =4.631
30 00 6.‘461‘- 30 00 ‘l‘-.&h
35.00 6.711 35.00 -1.983
40 .00 6.856 40.00 5,064
45,00 6.917 45.00 =5.078
50 .00 6.883 50 «00 =54019
55 «00 64739 55 «00 -4.,875
60 .00 6164 60 .00 =1.533
65 .00 6.039 65 .00 -l 2&
70 .00 54 4oR 70«00 3.7
75 .00 L.81h 7500 =3.203
80 .00 3.969 &0 .00 2.542
8 .00 3.028 85.00 -1.847
90 .00 2.028 90 .00 =1.153
95.00 9% 95.00 =«539
100 .00 019 100.00 -.019

L.E. rediys: 0.800
L.E. redine center located 0.056

above chord line

NATTIOHAT ADVISORY
COMMITTEE FOR AERONAUTICS



SEOTION PARAMETHRS MEASTRED AT o = 0°, 5, = 0%, AND R = 1k x 100

TABIE IT

o}

FXCEPT FOR (ﬁ) AND (%) MEASTRED AT ¢, = 0,15
BBa /g, =410° 8 /g, 24200
iﬂg)a o

Burface czu‘ cz5 ay (&E E=ﬂ0° B a=1;20° (cha)u, (cha)s - Py
Smooth 0.10% [0.052 | =0.52k | ~0.535 -0.525 ~0.0038 [~0.008L [0.035 | 0.200
Roughness
8t Q«300 «1G3 l052 - l1|-92 - 1502 - ol\dl-s - 00036 - 10079 l038 0098
Roughness at
leading edge| 101 | 051 |- 492 | =~ 502 - 438 - .0030 |~ .0078 | 036! .097

NATTORAT, ADVISORY

COMMITTEE FOR AERONAUTICS

2QCT "ON NI VOVN
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«0030
Flexible asal

Chord line ———\

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure l.- Profila of the 0.2hc sealsd alleron.
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\/\”/- Ghorf line -—-\\

(a) Aerodynamiocally smooth.

«0lle strip of 0.01ll-inch
carborundum grains

«300

Chord line —-\

+300 _:!
- ] «0llje strip of 0.01ll-inch .
carborundum grains

(b) Roughness at 0.30c.

.104e strip of 0.0ll-inch NATIONAL ADVISORY
carborundum grains COMMITTEE FOR AERONAUTICS

(¢) Lesding-edge roughness.

Figure 2.~ Surface oconfigurations of the low-drag airfoil section equipped with & 0.2ljc sesled ailerocn.
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Figure 6.~ Variation of aileron effectiveness parameter 4a,/a8, with section
11ft coefficient for the 0.24o sealed allsron on the low~drag airfoll
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Figure T.- Variation of ssotlon charsoteristica at a oonstant seotlaon 1ift ooefficient
of 0.15 with aileron deflection for the low-drag airfoll section with a 0.2i0 sealed
aileron., R =1 x 105,
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Figure 8.~ Varlation of the hinge-moment parameter % Ag with equivalent
o/ 804
change in sectlon angle of attack required to malntain a constant section
1ift coefficient of 0.15 for deflection of the 0.2lc sealed aileron on the

low=drag airfoil section. R = 1} x 106.
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Pignre 9.- Variation of maximu seotion 1lift coefficient with aileron deflectian for the low-drag airfoll with a
0.24o sealed aileren. R = 1 x 106,
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